Introduction
N-heterocyclic silylene (NHSi) complexes have been reported across the transition metals, 1 and a plethora of studies have been carried out to date, even highlighting their potential applications in catalysis. 2 These efforts have been heralded by the high abundance, low toxicity and cost of silicon. Remarkably, no reports of NHSi complexes for any s-block elements exist, particularly for the alkaline-earth metals, although two seminal reports for f-block NHSi complexes have been reported. 3 This is somewhat surprising since employing environmentally benign alkaline earth metals, such as calcium, might enable access to inexpensive and environmentally friendly NHSi complexes for catalysis, stoichiometric transformations, or as precursors for silicate glasses. Herein we report the first group 2 (alkaline earth metal) calcium NHSi complexes readily accessible in a quantitative fashion by simple coordination reactions with the corresponding NHSis. Preliminary reactivity studies are also reported in addition to the theoretical calculations by DFT methods elucidating the bonding situation between the Ca and Si centres.
Results and discussion
The starting point in our study was to investigate the reaction of the chlorosilylene of Roesky :Si(Cl)(PhC(N t Bu) 2 ) 4 (1) with
[(η 5 -C 5 Me 5 ) 2 Ca] (2), since earlier investigations showed that 1 is robust in coordination to a range of transition metals. 5 The reaction thereof with 2, however, affords an inseparable mixture of the novel dimer [(η 5 -C 5 Me 5 )CaCl(thf ) 2 ] 2 (3) ( Fig. 1) and :Si(Cp*)(PhC(N t Bu) 2 ) (4), when dissolved in thf, by salt metathesis as opposed to the desired coordination compound [(η 5 -C 5 Me 5 ) 2 Ca←:Si(Cl){(N t Bu) 2 CPh}] 6 (see ESI †).
In order to suppress this metathetical reaction, the NH-silylene 1 was functionalised with an aryloxy substituent affording with the calcium precursor 2 in an analogous way. This affords compound 7 quantitatively as a colourless solid (Scheme 2).
Complexes 6 and 7 are remarkable examples of molecular compounds featuring Ca-Si bonds, which are exceptionally rare. 8 The most diagnostic spectroscopic feature for compounds 6 and 7 is the 29 Si NMR shift in solution (6: δ = −13.7 ppm; 7: δ = 81 ppm, both in C 6 D 6 ). Strikingly, these chemical shifts are only marginally deshielded from the uncoordinated NHSis (δ = −22.8 and δ = 78.3 ppm 7 respectively) in both cases. This observation is in contrast to d-block NHSi complexes where a dramatic deshielding effect is observed on coordination and suggests only a very weak interaction between the Si and Ca centres in both complexes. Dissociation in solution can be ruled out since 29 Si MASsolid state NMR spectroscopy revealed an identical chemical shift as to the solution spectrum for compound 7. Crystals of compound 6 suitable for single crystal X-ray diffraction analysis were obtained from a concentrated toluene solution with slow cooling to −30°C. In the case of compound 7 a similar procedure also consistently afforded crystals visually of high quality, but the quality of the diffraction data was rather low (R 1 = 0.1855 for I > 2σ(I)), despite several measurements and many other crystallisation procedures. Despite this, the structural motif was unambiguously located in the structure solution (see ESI †), and the metrical parameters are in good agreement with the calculated structure (BP86-D3 functional plus DZP basis set). Fig. 2 depicts the solid state structure of compound 6 and the geometry optimised structure of 7. Both compounds feature rather long Ca-Si bond lengths: in compound 7, bearing a three-coordinate Si atom, this distance is shorter by 18 pm compared to compound 6, indicating stronger coordination in the former compound. The observed difference in bond length might be due to sterics as compound 6 bears a substantially more sterically congested NHSi than compound 7 which would impede coordination thereby resulting in an elongated bond length. The bond lengths are somewhat longer than those reported in the calcium silyl complex Ca(thf ) 3 (Si(SiMe 3 ) 3 ) 2 at 3.042(9) and 3.086(9) Å respectively. 8a Moreover, in both compounds, this bond distance is significantly larger than the sum of the single bond covalent radii proposed by Pyykkö and Atsumi 9 for Ca (1.71 Å) and Si (1.16 Å) = 2.87 Å which led us to question whether it is merely an electrostatic interaction, with no covalent character. In order to address this point we performed DFT calculations to elucidate the nature of the bonding interaction between Si and Ca in both compounds (BP86-D3 and the DZP basis). In compound 6, the LUMO, E = −0.085 eV, is located mostly on the phenyl residue while the HOMO, E = −0.146 eV, mostly involves the Cp* ligands with some involvement of the Ca centre (Fig. 3) . Similarly, in compound 7 the LUMO, Fig. 2 ORTEP representation of the molecular structure of compound 6 in the solid state (left). Thermal ellipsoids set at 50% probability level and H atoms omitted for clarity. The geometry optimised structure of 7 (right) (BP86-D3 functional plus DZP basis set). Scheme 1 Synthetic entry to the first NHSi calcium complex by coordination of 5 to calcium precursor 2.
Scheme 2 Synthetic entry to the three coordinate NHSi calcium complex 7. E = −0.063 eV, is mostly Si( p) + 2 × N(p) + 2 × C(p) while the HOMO, E = −0.151 eV, is also mostly located on the Cp* ligands with some involvement of the Ca centre and (Fig. 4) .
The most interesting MO in both compounds signifying the Si-Ca interaction is in both cases the HOMO−5 6: E = −0.207 eV; 7: E = −0.230 eV, which clearly shows a donoracceptor interaction between Si and Ca in both compounds (Fig. 5) . Notably, in both cases some contribution arises from the Ca centre in the MO. Moreover, the calculated Wibergbond index (WBI) of compound 6 = 0.47 while in compound 7, in accord with the decreased Ca-Si bond length observed experimentally, is slightly higher at 0.53. These indices are indicative of a covalent bonding interaction between the Ca and Si centres in both compounds.
In contrast, a Bader atoms in molecules (AIM) analysis We next attempted a cycloaddition reaction of benzophenone with 7 with the goal of forming the cycloaddition product 9 (see Scheme 3). Even in this instance, the NHSi 8 is eliminated with concomitant formation of a dark purple ketone adduct Scheme 3 Reaction of compound 7 with benzophenone does not afford the expected cycloaddition product (9) , rather the formation of the ketone adduct 10 with concomitant elimination of NHSi 8 is observed. 
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Conclusion
The first examples of s-block N-heterocyclic silylene complexes (NHSi) have been reported for the group 2 alkaline-earth metal element calcium. These complexes are also the only existing examples of any s-block NHSi coordination compound to date. (10). This showcases the rather low bond energy of the Ca-Si bond. We are currently exploring NHSis that bind more strongly to the Ca centre which might enable novel Ca, Si mediated processes, without NHSi elimination. We are also currently extending this synthetic approach to other group 2 elements (Ba and Sr) and will report these finding in due course.
Experimental section
All experiments were carried out under dry oxygen-free nitrogen using standard Schlenk techniques. Solvents were dried by standard methods and freshly distilled and degassed prior to use. The NMR spectra were recorded on Bruker spectrometers (AV400 or AV200 . Freshly distilled toluene (15 mL) was recondensed onto this solid mixture in a liquid nitrogen trap under static vacuum. The reaction mixture was allowed to come to room temperature upon which a colourless solution had formed. The reaction was stirred at room temperature for 40 minutes and the solvent removed in vacuo, affording a colourless solid as product, which is spectroscopically pure and requires no further purification. Crystals suitable for X-ray diffraction analysis were grown from toluene, although despite several measurements the data set is only of average quality. Yield: 0.507 g (100% and benzophenone (0.240 g, 1.326 mmol). The two solids were mixed by stirring at room temperature and a colour change (in the solid state) was immediately observed to bright purple. Toluene (10 mL) was added to the purple solid and the formed purple solution stirred at room temperature for 1 h. The solvent was removed in vacuo affording the product as a purple solid. Yield: 0.650 g, 100% 
